Twelve collection stations were selected for the current study. The selected stations represent six sectors with the characteristic wild to peridomestic habitats: Al-Dafear (Al-Hamaed, Hezna), Al-Baha (Khefa and Bani-Heda), El Aqiq (Al-Jawa, Al-Wedhia), El Mandak (Al-Nahda and Hadabet Bel Hossien), Al-Mekowa (Al-Mezera) and Khelow (Al-Hareka, Aiase and Al-Hega). Al-Baha province is characterized by natural tree cover and an agricultural plateau. Due to its location, Al-Baha's climate is moderate in the summer and cold in the winter.
Selection of sampling sites -In 1991, physicians from local health units in Al-Baha identified hundreds of patients with characteristic CL. The presence of these cases prompted the primary health unit in Al-Baha to survey the local sand fly fauna in order to identify vector species responsible for disease transmission in selected endemic villages representing different sectors of Al-Baha.
Sand fly collection and processing -Sand flies were collected during the period from January 1996-December 1997. Three collection methods were used. The first utilized CDC miniature light traps (John W Hock Co, Gainesville, FL, USA) (1,440 trap-nights). The traps were set 1 h before sunset and collected after sunrise next morning. The second and third methods were aspiration from protected human volunteers both inside and outside houses (576 volunteer-hours) and the use of sticky paper traps (14,400 trap-nights). Collected flies were preserved in 70% alcohol, cleaned in chloral hydrate: phenol (1:1 v/v) and then mounted in Puri's medium (Smart et al. 1965 ) for identification using several characteristics (Lewis & Büttiker 1980 , Lewis 1982 , Büttiker & Lewis 1983 , Lane 1986 ). The number of sand flies from each species was scored to estimate the seasonal abundance in all the areas sampled. Sand flies attempting to land on the bed nets of protected human volunteers were collected by aspirator and numbered for an estimation of the landing rate of each species. Live females were immobilized on ice and dissected in 0.9% sterile saline on a glass slide by making an incision at the base of the abdomen, expelling the entire gut and placing a cover slip on top of the fly. Mounted flies were then microscopically examined for Leishmania infection under an oil-immersion lens (100X). Females dissected in this way remained intact after having their ovaries dissected so that parous and nulliparous females could be differentiated; this procedure is in accordance with the method applied by Ungureanu (1974) and applied by Ibrahim and Abdoon (2005) . Aside from this dissection, the female flies were left intact. The genitalia and mouthparts of all dissected females were then mounted for identification.
Statistical analysis -The sand fly data was analyzed using SAS JMP Statistical Discovery v8.0.2. The Shannon-Weiner (H), evenness (E) and richness (S) diversity indices of the collected sand flies within different localities were estimated using BioDap software (resource conservation, Fundy National Park Canada) as follows:
Pi is the proportion of total number of species/total. E = H/log (S), where S is the total number of species in the community.
Similarity between different habitats was estimated using the Jaccard coefficient (S ij ) formula: S ij = a/(a + b + c), where a is the number of species present in both replicates, b is the number present in replicate I only and c is the number of species present in replicate j.
Ethics -Verbal informed consent was obtained from human volunteers and from the heads of the households from which sand flies were collected. Sand flies were collected using CDC light traps, sticky traps and human volunteers. Protection of human volunteers in the endemic areas sampled was achieved using customary bed nets. Ethical clearance was obtained from the primary health unit of Al-Baha, Kingdom of Saudi Arabia.
RESULTS
Sand fly species composition -An overall total of 16,472 sand flies were collected from 12 stations representing six sectors of the Al-Baha province from 1996-1997 (Table I ). The collected sand flies consisted of six species of Phlebotomus: Phlebotomus bergeroti, P. sergenti, Phlebotomus arabicus, Phlebotomus alexandri, P. papatasi and Phlebotomus orientalis and three of genus Sergentomyia: Sergentomyia clydei, Sergentomyia antennata and Sergentomyia tiberiadis. P. bergeroti was the most abundant and constituted 41.7% of the collected flies. The total number of males caught was higher than that of females, except for S. clydei, S. antennata and S. tiberiadis. The male/female ratios for different species were substantially different: P. bergeroti = 1.6, P. sergenti = 1.7, P. arabicus = 1.8, P. alexandri = 1.3, P. papatasi = 4.2 and P. orientalis = 3.1. For Sergentomyia species, the values for S. clydei, S. antennata and S. tiberiadis were 0.77, 0.56 and 0.57, respectively. The study showed a markedly different distribution of the collected sand fly species across different sectors investigated a: the species identity was revised in accord with the morphological character described by Depaquit et al. (1998) . M: male; F: female; NA: not available.
in the study. CDC light trap collections accounted for 9090 specimens (55.2%) of the total sand flies caught.
Sand fly population structure at different altitudes -There was a difference in the diversity of the sand fly fauna across different altitudes, as indicated by H values (Table II) . From 800-1200 m altitude, the diversity was more significant. The S diversity was high at 800-1200 m altitude, with an E diversity = 0.74. The relatively low E (0.73), even with high S at the altitude range of 0-200 m, may be due to the dominance of P. bergeroti. The sand fly community similarities as measured by Jacard's coefficient (I Jacard ) indicated that the similarity of the sand fly communities was highest (100% of the sand fly communities or I Jacard = 1) between 0-200 m and 800-1200 m altitude ranges and lowest (0.78) between both 0-200 and ≥ 2500 m or 800-1200 m and ≥ 2500 m altitude ranges. Using different collection methods, P. bergeroti, P. sergenti, P. arabicus, P. orientalis, S. clydei, S. antennata and S. tiberiadis were collected at all altitudes, whereas P. papatasi and P. alexandri were restricted to the 0-200 m and 800-1200 m altitude ranges ( Fig. 2A-C) .
Seasonal abundance and dynamics of sand flies -Fluctuations in the abundance of sand flies were followed at 12 stations, using CDC light traps, sticky traps and human bait from January 1996-December 1997.
Different species varied in seasonal activity patterns across different sites (Fig. 3A-F) . Of the six Phlebotomus spp collected, four species (P. bergeroti, P. sergenti, P. arabicus and P. orientalis) were found each month. P. bergeroti, P. sergenti, P. arabicus and P. papatasi peaked mid-season (May-June) whereas the P. alexandri numbers peaked during the dry months (July-August) and the P. orientalis numbers peaked from AugustSeptember. Numbers of all sand fly species dropped markedly in November, except for P. alexandri, which increased in number in November, declined in December and reappeared in January.
Sand fly abundance inside and outside houses -P. bergeroti, P. papatasi and P. arabicus were the most abundant both inside houses (76.7% of all sand flies) and outdoors (65% of the catch) (Fig. 4) . P. sergenti were found to land more on human volunteers outdoors than indoors (34/57).
Sand fly natural infection -Of the 2,213 dissected Phlebotomus females, blood was found in the gut of 1,022 (44.6%). Only five of the sand flies were found to be naturally infected with Leishmania-like flagellates (Table III) . The sand flies positive for Leishmania-like flagellate infection were found to belong to three species [P. bergeroti (n = 3), P. sergenti (n = 1) and P. arabicus (n = 1)]. High infection rates were recorded in areas of low altitudes (3/913) and the overall infection rate in all monitored areas was 0.2%.
DISCUSSION
The geographic location of Al-Baha contributes to the potential risk for CL in Saudi Arabia; it is also possible to contract infections from neighboring countries there. This study is a report of the results of an entomological survey of sand flies in Al-Baha province, Saudi Arabia. The goal of this report was to identify the sand fly vectors associated with CL-endemic areas of AlBaha province. Efforts were also made to identify the bionomics of the sand flies in the area. P. bergeroti, P. sergenti, P. arabicus, S. tiberiadis, P. papatasi and S. antennata were the most abundant species identified in the current study. The identified species were also reported in many parts of the kingdom of Saudi Arabia, such as Riyadh (Morsy & al Seghayer 1992 (Seccombe et al. 1993 , Coleman et al. 2007 ), Palestine (Sawalha et al. 2003) and Jordan (Kamhawi et al. 1991) . The collected species reported here include the most important vectors of CL in the Middle East, which contribute to the persistence of the CL transmission cycle in Saudi Arabia. Here, P. papatasi was relatively less abundant than previously reported (El-Badry et al. 2008) , which is likely due to the difference in community structure and nature of habitats sampled, i.e., mostly wild. P. papatasi, the proven vector of L. major (Wahba et al. 1990 ), was found to be widely distributed in peridomestic and domestic habitats (Janini et al. 1995 , Kamal et al. 2003 ).
There was a remarkable difference in the diversity of the sand fly fauna across the different altitudes reported here, although altitude is not a selective factor for fly distribution (Karan et al. 2000) . According to the distribution of the sand fly at different altitudes, two groups of sand fly fauna were determined: the first one in lower and median altitude ranges and the second at higher altitude. The species S and diversity were the highest at about 800-1200 m, which could represent the transition between the lowland and the mountains (ecotone) in Al-Baha. P. papatasi, the proven vector of L. major, was collected at all altitudes, with maximum abundance at 800-1200 m, an altitude at which a high prevalence of wet sores was observed. P. (Bakr 1995) , Saudi Arabia. Identifying the seasonal abundance of the collected species is of importance for prediction of the period of maximum risk for leishmaniasis transmission and for the successful implementation of a control program. Sand fly activity can vary within its geographical range depending on local factors, such as temperature, geographical barriers, habitat availability and the distribution and abundance of vertebrate hosts (Cross et al. 1996 , Sawalha et al. 2003 . The current study revealed three behavior scenarios for the collected sand fly species: P. bergeroti, P. papatasi and P. arabicus were most abundant indoors and were truly endophilic species, whereas P. sergenti was truly exophilic. The third pattern observed was that Sergentomyia spp and P. alexandri both seem to prefer open habitats, as previously reported by Lane et al. (1988) and Coleman et al. (2007) .
To understand the role that each sand fly species can play in the maintenance of the transmission cycle, other factors regarding parity of the sand flies monitored were also studied. The parity rate is an essential parameter for estimating the vectorial capacity of the sand fly, especially if the biting rates of parous flies vary during the night and are somewhat less than those of nulliparous flies (Lewis et al. 1970) . Natural infection of parous females by Leishmania promastigotes was confirmed using evidence from Giemsa stain impression smears and from zymodeme analysis. The parasites found were indistinguishable from those identified in human cases in the same area. The presence of infected flies throughout the year suggests that there is a continual presence of the reservoir host harboring the infection and suggests an overlap of high vector populations and high infection rates. There is a window of greatest infection risk for area residents, so we still need further investigation of host preference, anthroponotic behavior and vectorial efficiency of the sand fly vectors associated with endemic areas of Saudi Arabia and bordering countries. Naturally infected P. bergeroti, P. sergenti and P. arabicus provide additional information that may confirm that P. arabicus is associated with the dynamics of leishmaniasis in Al-Baha; this study outlines the importance of this species in epidemiology of the disease. 
